Abstract. Expression of three major resistance genes MDR1, MRP1 and LRP was investigated in small cell lung cancer, non-small cell lung cancer and metastasis. Single biopsies of bronchoscopy from 73 patients were performed to investigate expression of these three resistance genes by reverse transcriptase-polymerase chain reaction. Relations between gene expression and patient age, smoking status, histology, and chemotherapy were evaluated. A more frequent expression of MDR1 (77 versus 66%), MRP1 (91 versus 72%) and LRP (77 versus 63%) genes was detected in the malignant biopsies than in the non-malignant, respectively. In the metastasis biopsies, expression of these genes was markedly increased. No significant difference was observed between specimens before and after chemotherapy. Biopsies from progressing cancer showed higher MDR1, MRP1 and LRP gene expression. In conclusion, these data reveal a major role of MRP1 in intrinsic resistance and the high gene expression of MDR1 and MRP1 in relapsed diseases.
Introduction
The major problem in lung cancer chemotherapy is the emergence of inherent and acquired drug-resistance which is considered as the main cause of failure of the treatment. Chemoresistance is believed to be caused partly by cellular drug-resistance mechanisms. In fact, the role of each form of multidrug-resistance to lung cancer appears complex and remains inaptly described (1) . An important type of resistance is the multidrug-resistance (MDR) which is associated with an altered influx and/or efflux of drugs. Multidrug-resistance is generally caused by a 170-kDa Pglycoprotein (P-gp), encoded by the MDR1 gene, which is an ATP-binding cassette (ABC) transporter located in the plasma membrane. Aside from P-gp, other resistance-related proteins are defined in lung cancer: the multidrug-resistanceassociated protein (MRP1) and the lung-resistance protein (LRP) encoded by the MRP1 and LRP genes, respectively (2) . Like P-gp, MRP1 is a 190-kDa transmembrane protein, classified into the ABC superfamily of transport proteins. The 110-kDa LRP is located in the cytoplasm and nuclear membrane and is similar to vault proteins (3) . In lung cancer cell culture, overexpression of the MDR1, MRP1 or LRP gene is frequently associated with decreased drug accumulation due to enhanced drug efflux and then with multidrugresistance (4-7). For clinical lung cancers, the relationship between overexpression of the MDR1, MRP1 or LRP gene and chemoresistance remains unclear (1, (8) (9) (10) .
In this report, mRNA expression levels of the chemoresistance genes were analyzed from bronchial biopsies. First, the expression of these genes was compared according to the histological type of each biopsy such as non-malignant, metastatic, small cell lung cancer (SCLC) or non-small cell lung cancer (NSCLC). Secondly, gene expression was also analyzed in relation to the clinical outcome of each patient: initial diagnostic, stabilized or progressive cancer.
Materials and methods
Patients. Seventy-three patients were admitted to this study. Each biopsy was diagnostically analysed by the cytoanatomo pathology laboratory. Then gene expression was analysed by RT-PCR. The mean age of patients (52 male/11 female) was 60.7 years (range 32-75). The morphological classification of the carcinomas was conducted according to the WHO specifications. Of the 73 biopsies, 22 were neoplastic, 2 were SCLC, 13 were NSCLC and 7 were bronchial metastatic malignancies (metastatic biopsies) and 51 showed no neoplastic pattern (benign or non-malignant biopsies). All patients were staged at the time of their biopsy according to the guidelines of the American Joint Committee on Cancer. Twenty-nine patients had been treated by polychemotherapy (CDDP, VP16 and/or doxorubicin). Parameters are described in more detail in Table I. 270-fold MDR1 gene expression compared to KB-3-1) (13, 14) were grown in RPMI-1640 with Glutamax (Gibco-BRL, France) containing 10% fetal calf serum (FCS, Gibco-BRL) at 37˚C and in a 5% CO 2 humidified atmosphere.
RT-PCR analysis. All biopsies were freshly frozen, ground in nitrogen, and next the powdered samples were transferred to TriReagent™ (Sigma Chemical Co., St. Louis, MO, USA). Total cellular RNA was prepared using the guanidine isothiocyanate/acid/phenol method (15, 16) In brief, RT was performed using 1 μg of total RNA. Total RNA was reverse-transcribed using Moloney Murine Leukemia Virus reverse transcriptase (M-MLV reverse transcriptase; Gibco-BRL), according to the manufacturer's instructions. Aliquots representing 1/25 of the cDNA template were diluted to 100 μl in DNA polymerase buffer containing 1.7 mM MgCl 2 , 0.25 mM dNTP, 0.5 μM and 1 μM of primers MDRl and ß 2 m respectively, and 2.5 U of DNA polymerase (Goldstar; Eurogentec). The MDRl PCR conditions were 35 cycles at 94˚C for 50 sec, 57˚C for 50 sec and 72˚C for 20 sec. For the MRP1 PCR, the same concentration of cDNA was diluted to 100 μl in DNA polymerase buffer containing 1.5 mM MgCl 2 , 0.25 mM dNTP, 0.6 μM and 0.3 μM of primers MRP1 and ß 2 m respectively and 1.5 U of DNA polymerase. The MRP1 PCR conditions were 32 cycles at 94˚C for 45 sec, 61˚C for 90 sec and 72˚C for 90 sec. The LRP PCR was realized in the same buffer as MRP1 PCR, except the LRP and ß 2 m primers, which were used at 0.75 μM and 0.5 μM respectively. The LRP PCR conditions were 32 cycles at 94˚C for 1 min, 58˚C for 3 min and 72˚C for 3 min. All PCR cycles were preceded by 1 cycle at 94˚C for 3 min and terminated by 1 cycle at 72˚C for 10 min.
The target (MDRl, MRP1 or LRP) and control (ß 2 m) gene sequences were coamplified in the same reaction. The PCR conditions were determined to stay in linear conditions. Following PCR, aliquots (20 μl) were subjected to electrophoresis of 2% agarose gel (Gibco-BRL) and bands were visualised by UV transillumination using ethidium bromide (BET, Gibco-BRL) staining prior to photography.
Densitometry was performed using an Imager Soft 1D & 2D™ (Appligen Oncor, France) and results were expressed in arbitrary units (AU). To ensure the fidelity of mRNA extraction and reverse transcription for each cDNA sample, all samples were subjected to PCR coamplification with oligonucleotide primers specific for the constitutively expressed gene ß 2 microglobulin (ß 2 m) and were normalized.
All amplifications of cDNA of the biopsies and cDNA of the internal standards (A549 and KB-A1) were realized in the same way. Indeed, to avoid any intervariation between the experiments, each ratio was divided by the ratio of a PCR internal standard, which was defined as RT-PCR amplification of MRP1 and LRP expression in A549 or MDR1 expression in KB-A1.
Cellular control. Biopsies were spotted on DNase/RNase free slides. After drying, slides were colored by classical May-Grünwald-Giemsa and the cancer cell proportion was estimated.
Statistical analysis. The series of gene expression were compared by the non-parametric Mann-Whitney U test using the Statistica software (Statsoft, France). The gene expression results did not represent a normal population, therefore the results were represented as the minima, 1 st quartile, median, 3 rd quartile and maxima.
Results

MDR1, MRP1
and LRP gene expression. All analyzed malignant biopsies contained 80-95% cancer cells. The variations in the expression of three resistance genes are given in Table I . MDR1, MRP1 or LRP mRNA levels were standardized by the ß 2 microglobulin expression (see Materials and methods). To increase reproducibility, gene expression of human biopsies was normalized using the MDR1, MRP or LRP expression of reference cell lines A549 and KB-1A.
Most of the resistance gene expression in the bronchial biopsies was largely lower than in the reference cell lines (Table I) . In some biopsies, resistance gene expression was lower than the quantification threshold and was equal to zero. The MDR1 gene was expressed in 51 out of 73 cases (range: 0.01-1.16). MRP1 gene expression was observed in 57 out of 73 cases (range: 0.01-0.45). LRP gene expression was detected in 49 out of 73 cases (range: 0.01-0.52). In addition, some biopsies showed exalted values leading to an abnormal distribution of resistance gene expression. These distributions were represented by extreme values, 1 st and 3 rd quartile and median. In the bronchial biopsies, no significant difference in resistance gene expression was found in relation to factors such as age, gender or AJCC classification. In addition, resistance gene expression was not significantly different in the tissues from non-smokers or smokers (Table I) .
MDR1 gene expression was detected in 66% (34/51) and 77% (17/22) of non-malignant and malignant biopsies respectively. For MRP1, 72% (37/51) of non-malignant versus 91% (20/22) of malignant biopsies showed a quantifiable expression. Moreover, expression levels were significantly higher in malignant biopsies for both MDR1 (p<0.05) and MRP1 genes (p<0.01) ( Table I) . Sixty-three percent of nonmalignant biopsies showed LRP expression compared to 77% of malignant biopsies. However, these LRP expression levels were equivalent for non-malignant and malignant biopsies (Table I) .
Influence of histology on gene expression. Resistance gene expression was significantly higher in malignant biopsies than non-malignant ones (Table I) . Expression levels were compared as a function of pathological subtypes of lung cancer (Fig. 1) . The expression of the three genes in the metastatic biopsies was higher than expression in nonmalignant biopsies for MDR1 (p<0.05), MRP1 (p<0.05) and LRP (p<0.05). Moreover, MRP1 expression was significantly higher in metastatic, SCLC and NSCLC histological subtypes as compared to non-malignant biopsies (p<0.05) (Fig. 1) . In addition, no significant difference was observed among SCLC, NSCLC and non-malignant biopsies for MDR1 and LRP gene expression.
Influence of chemotherapy on gene expression. Among 73 analyzed biopsies, 29 patients had been treated by polychemotherapy (CDDP, VP16 and/or doxorubicin). No significant difference in MDR1, MRP1 and LRP gene expression was observed between biopsies either from treated or untreated patients. It is worth mentioning that NSCLC biopsies showed slightly higher MRP1 gene expression in chemotherapy-treated patients compared to untreated patients ONCOLOGY REPORTS 18: 703-708, 2007 
----------------------------------------------------------------------------------------------------Factors No. of patients Gene expression (median, AU) -------------------------------------MDR1 MRP1 LRP -----------------------------------------------------------------------------------------------------
.06 -----------------------------------------------------------------------------------------------------
All results are expressed in arbitrary units (AU) as described in Materials and methods. Values represent the median of the population.
a Five patients were not classified, and cigarette consumption could not be precisely determined. Smokers had a daily consumption of at least 20 cigarettes.
b Only malignant biopsies were classified (e.g. 22/73). c One patient had been treated with radiotherapy only, this value does not represent the median but the exact value. d p<0.05, e p<0.01.
-----------------------------------------------------------------------------------------------------
(0.08 versus 0.02, p=0.11) ( Table II) . The increase of resistance gene expression previously reported (Fig. 1 ) in metastatic biopsies was equal for treated and untreated patients (Table II) . For metastatic biopsies, an intrinsic resistance expression was observed without chemotherapy. The expression level was not dependent on chemotherapy treatment.
Resistance gene expression as a prognostic factor. Malignant biopsies were classified as i) diagnostic samples (initial state), ii) samples from stabilized cancers and iii) samples of progressive cancers. According to these clinical states, medians of resistance gene expression were not equivalent. MDR1, MRP1 and LRP gene expression from progressing cancers increased compared to expression from both initial and stabilized cancers (Table I and Fig. 2 ). It was observed that the LRP gene shows a high expression dispersion among biopsies classified as stabilized cancers. Thus, the discrimination between groups of stabilized and progressing cancers was studied through MDR1 and MRP1 gene expression (Fig. 3) . Each of the stabilized cancers are represented in Fig. 3A . These cancers showed Table II . Median of MDR1, MRP1 and LRP gene expression in biopsies before or after chemotherapy (AU). ------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------- Number between brackets is the number of patients.
-----------------------------------------------------------------------------------------------------MDR1 MRP1 LRP ------------------------------------------------------------------
- expression levels <0.15 AU and 0.10 AU threshold, for MDR1 and MRP1, respectively. No difference was shown among biopsies from stabilized metastatic cancers and stabilized NSCLC. Most of the progressing cancers (Fig. 3B) showed expression levels >0.15 AU and/or 0.10 AU for MDR1 and MRP1, respectively. All progressing metastasis and SCLC presented increased gene expression. In addition, some of the progressing NSCLC showed gene expression lower than these expression thresholds.
In conclusion, gene expression of MDR1 and MRP1 characterized a progressing status of metastasis biopsies.
Discussion
The response of lung cancer to chemotherapy treatment is characterized by multifactorial multidrug-resistance that may be either acquired (SCLC) or intrinsic (NSCLC) (1) . This response results in treatment failure and death within 2 years of diagnosis in the majority of cases. However, there is increasing evidence that a wide variety of drug-resistance mechanisms operates through the development of clinically relevant drug-resistance (MDR1, MRP1, and LRP) gene expression (1, 4, (17) (18) (19) .
In this study, we performed a semi-quantitative RT-PCR to analyze expression profiles of three well-known drugresistance genes, i.e., MDR1, MRP1, and LRP of bronchial biopsies. These expression levels were analyzed in relation to clinicopathological features of each patient. Moreover, cross correlations between MDR1, MRP1 and LRP gene expression described a correlation between LRP and MRP1 expression.
As previously demonstrated (20), we report here that no significant difference occured in MDR1, MRP1, and LRP gene expression, as a function of prognostic factors (age, gender, AJCC classification) of each patient. Between smokers and non-smokers, the expression levels of the three resistance genes were compared and no significant difference was observed. A slight correlation of borderline significance was demonstrated between LRP gene expression and the smoking habits of patients (20) . Although these results depended on tumor histology, another report has shown that P-gp was increased in the tumors of smokers (21) .
We demonstrated here that >60% of biopsy specimens expressed at least one of the three resistance genes. Resistance gene expression was detected more frequently in tumors than in normal tissues (MDR1: 77 versus 66%, MRP1: 91 versus 72% and LRP: 77 versus 63%). As previously reported, gene expression was dependent on the histological subtype (17, (22) (23) (24) . An increase in different genetic markers (P-gp, ErbB-2, P53, Bcl-2) was previously observed in pulmonary metastases (22) . In this study, we demonstrated an increase in expression of three resistance genes in metastatic biopsies. This simultaneous expression in metastases could explain many therapeutic failures due to intrinsic resistance of metastases.
In NSCLC biopsies, the expression level of MRP1 was higher than in normal tissues. In these samples, neither MDR1 nor LRP expression was significantly modulated. Similar results were shown in SCLC biopsies where the MRP1 gene seemed more involved than the MDR1 and/or LRP genes, as reported elsewhere (1). Moreover, Campling et al have also shown that MRP protein (~70%) was more frequently expressed than P-gp (50-60%) in clinical samples from SCLC (25) . The LRP gene was overexpressed in a subgroup of NSCLC cell lines correlating with resistance against cisplatin (4). In our study, LRP expression was comparable between the normal and the malignant bronchial epithelium.
The relation between the expression of the three genes MDR1, MRP1 and LRP and resistance to chemotherapy has been previously discussed (17, 18, (26) (27) (28) . For example, LRP was reported as a predictive marker for treatment response in NSCLC by Harada et al (26) . Hsia et al showed that among 50 patients, 27 expressed neither MDR1 nor MRP1 and presented a high response to chemotherapy. In contrast, the patients which expressed at least one of the resistance genes had a weaker response to chemotherapy (29) . In our study, the chemotherapy treatment did not modify to a significant degree the MDR1 or LRP gene expression for SCLC or NSCLC. After chemotherapy, MRP1 was not significantly increased in the NSCLC. However, this gene was already ONCOLOGY REPORTS 18: 703-708, 2007 highly expressed in the NSCLC, which partly explains the intrinsic resistance of these cancers. Moreover, many studies imply both MDR1, MRP1 and/or LRP gene expression in resistance to chemotherapy (4, 26) . As the phenomenon of resistance is multi-factored, these results could depend on independent analysis of resistance genes. In this study, we also illustrated an increase in MDR1 and MRP1 gene expression in progressing pathologies. The simultaneous analysis of these two genes would help to establish a clinical outcome. Thus, it could be possible to describe a forecast factor by the analysis of MDR1 and MRP1 gene expression.
Further studies will monitor resistance gene expression during various types of lung cancer chemotherapy. These studies will research the implication of resistance genes and define characteristic resistance gene profiles associated with the clinical outcome.
